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I. I n t r o d u c t i o n  

The Apol lo  Program now i n c l u d e s  t h e  p o s s i b i l i t y  of 
l u n a r  s u r f a c e  e x p l o r a t i o n  by b o t h  a s t r n n a u t s  simultane~usly . 
E x p l o r a t i o n  by one a s t r o n a u t  a t  a t i m e ,  t h e  o t h e r  r e m a i n i n g  i n  
t h e  LM, i s  o f  c o u r s e  s t i l l  p o s s i b l e .  

The d u a l  EVA o p e r a t i o n a l  r e q u i r e m e n t s  f o r  l u n a r  
s u r f a c e  communication are (Reference  1): 

0.5 N a u t i c a l  Mile 

1 . 0  N a u t i c a l  Mlle EVA - LM 

EVAl - EVA2 

F i g u r e  1 I l l u s t r a t e s  t h e  d u a l  sys t em o p e r a t i o n .  To implement t h e  
communication r e q u i r e m e n t ,  MSC has c o n t r a c t e d  w i t h  R C A ,  Camden, 
N e w  J e r s e y  t o  d e l i v e r  d u a l  Ex t r a -Veh icu la r  Communication System 
(EVCS) hardware p r o v i d i n g  t h r e e  modes of  o p e r a t i o n :  
Secondary and Dual.  
are shown i n  F i g u r e  2 ( f rom Reference  2)EVA7 t o  EVA-2 c m m u n i c a t i c n  
i s  e s t ab l i shed  v i a  v e r t i c a l  whip a n t e n n a s  mounted on the  a s t r o n a u t s '  
back packs .  
a n t e n n a  of  t h e  EVA and a s l e e v e  d i p o l e  a n t e n n a  mounted n e a r  t h e  
t o p  of  t h e  LM v e h i c l e .  

P r imary ,  
These modes and a s s o c i a t e d  l i n k  f r e q u e n c i e s  

The EVA t o  LM l i n k  i s  between t h e  b a c k  pack mounted 

The d e s i g n  s p e c i f i c a t i o n s  f o r  t h e  d u a l  EVCS equipment  
(Refe rence  3 )  a l l o w  RCA t o  assume i n  t h e i r  l i n k  c a l c u l a t i o n s  t h e  
f o l l o w i n g  "pa th  1-osses" : 

EVAl - LM l l g d b  

S i n c e  p a t h  loss i s  a major  f a c t o r  a f f e c t i n g  s y s t e m  
per formance ,  t h i s  s t u d y  a t t empt s  t o  d e t e r m i n e  whether t h e  assumed 
p a t h  loss f i g u r e s  can  b e  suppor t ed .  
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11. P a t h  Loss  F a c t o r s  

I n  o r d e r  t o  q u a n t i t a t i v e l y  assess p a t h  l o s s ,  i t  i s  neces -  
s a r y  t o  i d e n t i f y  t h o s e  f a c t o r s  which s h o u l d  be i n c l u d e d  and to 
leave o u t  t h o s e  accoun ted  f o r  e l s e w h e r e .  

The f a c t o r s  l i s t e d  below a r e - c o n s i d e r e d  i n  t h i s  s t u d y  
i n  e v a l u a t i n g  t h e  " p a t h  loss '1:  

Antenna Gains o r  L o s s e s - ( P a t t e r n )  
Antenna Ground P r o x i m i t y  Loss  
P o l a r i z a t i o n  Loss 
F r e e  Space ( I n v e r s e  D i s t a n c e  F i e l d )  T a s s  

Ground Wave A t t e n u a t i o n  
Atmospheric ( I o n o s p h e r i c )  Loss 
M u l t i p a t h  Loss 
Antenna Height  Gain 
O b s t a c l e  Loss 

A .  Antenna Gain 

The EVCS a n t e n n a s  a r e  v e r t i c a l  whips e x t e n d i n g  from 
t h e  a s t r o n a u t  back packs .  The nominal  a n t e n n a  impedance i s  50 ohms. 
The a s sumpt ion  i s  made t h a t  t h e y  a r e  A / 4  or l e s s  i n  l e n g t h ,  namely 
a b o u t  1 0  i n c h e s  l o n g .  The g a i n  of  such  whip a n t e n n a s ,  w i t h  p r o p e r  
c o u n t e r p o i s e ,  i s  approx ima te ly  1 r e l a t i v e  t o  i s o t r o p i c  a n t e n n a s .  

The LM a n t e n n a  i s  a s l e e v e  d i p o l e  a n t e n n a  l o c a t e d  a t  t h e  
t o p  of  t h e  LM v e h i c l e ,  abou t  25 f e e t  from t h e  base (See  F i g u r e  1). 
T h e  g a i n  of t h i s  a n t e n n a ,  l i k e  t h e  EVCS one ,  i s  low.  

A s  a s i m p l i f i c a t i o n  i n  t h i s  a n a l y s i s ,  i t  w i l l  be  assumed 
t h a t  b o t h  t h e  EVCS and LM a n t e n n a s  a r e  c h a r a c t e r i z e d  b y  z e r o  ( 0 )  
g a i n  a n t e n n a s .  Measured p a t t e r n  da ta  c o u l d ,  o f  c o u r s e ,  be used  
as a r e f i n e m e n t .  

B. Antenna Ground P rox imi ty  Loss 

An a n t e n n a  power loss a r i se s  when t h e  a n t e n n a  e lement  t 

i s  i n s u f f i c i e n t l y  removed f r o m  t h e  p r o x i m i t y  o f  t h e  ground.  
l o s s  can  be a s i g n i f i c a n t  f a c t o r  f o r  p o o r l y  c o n d u c t i n g  s o i l s  and 
where ground s c r e e n s  a re  i m p r a c t l c a l .  Vogler  (Refe rence  4) has 
e v a l u a t e d  t h i s  l o s s  f o r  t h e  l u n a r  s u r f a c e  as a f u n c t i o n  of a n t e n n a  
h e i g h t  and f r e q u e n c y .  
t i o n  t h a t  t h e  EVA a n t e n n a  i s  a l w a y s  a t  l eas t  1 / 2  meter above t h e  
g round ,  i t  i s  found t h a t  t h i s  f a c t o r  can  be n e g l e c t e d .  T h i s  i s  
e v i d e n t  i n  F i g u r e  3 ,  t a k e n  from t h e  Vog le r  r e p o r t  (See  A > 5  C u r v e ) .  

T h i s  

Using V o g l e r ' s  da ta  and making t h e  assump- 
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C. P o l a r i z a t i o n  Loss  

A p o l a r i z a t i o n  l o s s  a c c r u e s i f  t h e  EVCS a n t e n n a  ax i s  
i s  n o t  o r i e n t e d  i n  t h e  same p l a n e  of  p o l a r i z a t i o n  as t h e  a n t e n n a  
w i t h  which it i s  working.  A n o n - l e v e l ' p o s i t i o n  o f  LM and /o r  non- 
v e r t i c a l  p o s i t i o n  o f  t h e  EVCS a n t e n n a s  w i l l  g i v e  r i s e  t o  t h i s  
p o l a r i z a t i o n  l o s s .  
whose p l a n e s  o f  p o l a r i z a t i o n  d i f f e r  by a n  a n g l e  y i s  g i v e n  

2 by t h e  f a c t o r  c o s  y (Refe rence  5 ) .  

The magnitude o f  t h e  power l o s s - f o r  d i p o l e s  

An extreme c a s e  would b e  one i n  which two a n t e n n a s  
are s i m u l t a n e o u s l y  o f f  v e r t i c a l  p o l a r i z a t i o n  by 18O e a c h  i n  
cppcs i te  diiy==t-"i-ls. For  this c a s e  t h e  l i n k  loss f a c t o r  i s  
0.66 o r  1 . 8  db. 

D. F r e e  Space  Loss  

The f r e e  s p a c e  loss i s  t h a t  s i g n a l  loss a s s o c i a t e d  
w i t h  d i m i n i s h i n g  f i e l d  s t r e n g t h  as a n  i n v e r s e  f u n c t i o n  o f  t h e  
s q u a r e d  d i s t a n c e  from t h e  s i g n a l  s o u r c e .  

e q u a t i o n  : 
The f r e e  s p a c e  loss i s  c a l c u l a t e d  i n  db u s i n g  t h e  

= 32.5 + 20 l o g  d (km) + 20 l o g  f (MHz) 
Lf s 0 - 

A l o t  o f  t h e  f r e e  s p a c e  l o s s ,  Lfs, v e r s u s  d i s t a n c e ,  
i s  g i v e n  i n  g i g u r e  4 for a f r equency ,  f ,  of 280 MHz. 

E. Ground Wave A t t e n u a t i o n  

Ground wave a t t e n u a t i o n ,  A t ,  i s  t h a t  loss which t a k e s  
i n t o  a c c o u n t  t h e  e f f e c t s  o f  t h e  t e r r a i n  between t h e  t r a n s m i t t e r  
and r e c e i v e r  on t h e  p r o p a g a t i o n  o f  t h e  s u r f a c e  wave r-f f i e l d .  
It i s  g e n e r a l l y  a s t r o n g  f u n c t i o n  of wave p o l a r i z a t i o n  and s u r f a c e  
ma te r i a l  c o n d u c t i v i t y  and d i e l e c t r i c  c o n s t a n t .  The  z e r o  ( 0 )  db 
r e f e r e n c e  for t h e  c a l c u l a t i o n  o f  ground or s u r f a c e  wave a t t e n u a t i o n  
i s  t h e  f r ee  space  f i e l d  i n t e n s i t y .  

K .  A .  Norton i n  a c l a s s i c  a n a l y s i s  o f  e l e c t r o m a g n e t i c  
wave p r o p a g a t i o n  (Refe rence  6 )  has g i v e n  a method f o r  computing 
f i e l d  s t r e n g t h ,  i n c l u d i n g  t h e  e f f e c t s  o f  ground wave a t t e n u a t i o n  
on t h e  s u r f a c e  wave, u s i n g  as a model a f i n i t e l y  c o n d u c t i n g  
s p h e r i c a l  e a r t h .  Norton i n d i c a t e s  t h a t  b y  n e g l e c t i n g  t h e  h i g h e r  
o r d e r  terms i n  h i s  e q u a t i o n  (481, t h e  a t t e n u a t i o n  f a c t o r  f o r  t h e  
s u r f a c e  wave ove r  a p l a n e  earth ( a s sumpt ion  v a l i d  f o r  s h o r t  
d i s t a n c e s )  can  be e x p r e s s e d  s imply  as :  
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where p i s  the "numer i ca l  d i s t a n c e "  p a r a m e t e r ,  
d e f i n e d  b y :  

2 Cos2b" r 
h X Cos b 1  p = 51- 

where r2 = d i s t a n c e  

E 
X b" = Tan-' - 

-1 ' E - 1  - 
X b' = Tan 

1 . 8  0 (e .m.u . )  
f mc x =  

X = wavelength  

a ( e . m . u . )  = ground c o n d u c t i v i t y  x p r e  
e l e c t r o m a g n e t i c  u n i t s  

sed i n  

f mc = f r equency  i n  megacycles  

E = d i e l e c t r i c  c o n s t a n t  o f  t h e  ground r e f e r r e d  
t o  a i r  as  u n i t y  

N o r t o n ' s  method, it a p p e a r s ,  c o u l d  b e  used  to o b t a i n  
a v a l i d  es t imate  o f  At. 

a t t e n u a t i o n  i s  by r e f e r e n c e  to BTL p r o p a g a t i o n  curve da ta ,  conta i .ned  
i n  Refe rence  7 .  T h i s  e x c e l l e n t  da t a ,  w h i l e  c a l c u l a t e d  f o r  t h e  
smooth s p h e r i c a l  e a r t h  o f  4/3 t r u e  e a r t h  r a d i u s ,  i s  of  q u e s t i o n a b l e  
adequacy i n  d e f i n i n g  l u n a r  s u r f a c e  wave a t t e n u a t i o n  o f  i n t e r e s t  
here s i n c e  t h e  c a l c u l a t i o n  d i d  n o t  c o v e r  t h e  r a n g e  of  d i s t a n c e s  
d e s i r e d ,  n o r  d i d  i t  c o v e r  p r o p a g a t i o n  o v e r  s o i l  of e x t r e m e l y  low 
d i e l e c t r i c  c o n s t a n t  and c o n d u c t i v i t y .  (Lowest v a l u e s  t r e a t e d  were 
E = 4, ae.m.u. = 10- l~) ) .  

A second method o f  approx ima t ing  t h e  ground wave 

The method chosen t o  f i n d  ground wave a t t e n u a t i o n ,  ( A t ) ,  
i n  t h i s  s t u d y  i s  t h a t  g i v e n  by  Vogler  i n  R e f e r e n c e  4, i n  a s t u d y  
s p e c i f i c a l l y  d i r e c t e d  a t  l u n a r  s u r f a c e  p r o p a g a t i o n .  The c a l c u l a -  
t i o n  o f  At u s i n g  t h e  p a r a m e t r i c  c u r v e s  and c a l c u l a t i o n s  p e r  Vogler  
i s  d i s c u s s e d  i n  more d e t a i l  i n  S e c t i o n  I V .  
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F.  Atmospheric  ( I o n o s p h e r i c )  Loss  

B. Elsmore,  from a s t u d y  o f  o b s e r v a t i o n s  o f  CRAB NEBULA 
d u r i n g  l u n a r  o c c u l t a t i o n ,  h y p o t h e s i z e d  a weak l u n a r  a tmosphe re  

e l ec t ron /cm3  (Refe rence  4 ) .  

w i t h  e l e c t r o n  c o n c e n t r a t i o n s ,  n ,  a t  t h e  s u r f a c e  o f  l o 3  t o  1 0  4 

A t t e n u a t i o n  t o  wave p r o p a g a t i o n  o f  s u c h  a plasma i s  
a f u n c t i o n  o f  t h e  r e l a t i o n s h i p  o f  t he  s i g n a l  f r e q u e n c y  t o  t h e  
p lasma c r i t i c a l  f r equency .  

The c r i t i c a l  f r equency ,  i n  megacycles  p e r  second,  i s  
g i v e n  by t h e  f o l l o w i n g :  

f c r 2  = 8.1 X lo-*,, 
where n i s  t h e  e l e c t r o n  c o n c e n t r a t i o n .  

Thus,  t h e  c r i t i c a l  f requency  o f  t h e  plasma i s  less  t h a n  1 mc; 
a t t e n u a t i o n  a t  t h e  o p e r a t i n g  f r e q u e n c i e s  259.7 mc; 2 7 9 . 0  mc and 
296.8  mc, which a re  w e l l  above f c r ,  can  be  a l t o g e t h e r  n e g l e c t e d .  

G .  Mul t iDath  

M u l t i p a t h  e f f e c t s  can ,  u n d e r  c e r t a i n  c o n d i t i o n s ,  r e s u l t  
i n  s i g n a l  c a n c e l l a t i o n s  a t  t h e  l o c a t i o n  o f  t h e  r e c e i v e r ,  o b s e r v a b l e  
as n u l l s  i n  t h e  r e c e i v e d  s i g n a l  s t r e n g t h .  E v a l u a t i o n  o f  t h i s  
e f f e c t  r e q u i r e s  d e t a i l e d  knowledge o f  t h e  a n t e n n a  h e i g h t s ,  i n f o r -  
m a t i o n  on t h e  e l e c t r i c a l  p r o p e r t i e s  of t h e  t e r r a i n  and s p e c i f i c  
c h a r a c t e r i s t i c s  o f  t h e  geomet r i ca l  confignratisn sf t h e  tzr rz , in  
l y l n g  between t h e  t r a n s m i t t e r  and  r e c e i v e r .  

A fundamenta l  f a c e t  of t h e  a n a l y s i s  u n d e r t a k e n  here  i s  
t h e  c o n s e r v a t i v e  assumpt ion  made t h a t  p r e c l u d e s  t h e  r e q u i r e m e n t  
t o  compute m u l t i p a t h ;  t o  w i t ,  i t  i s  assumed t h a t  t h e  d i r e c t  wave 
and g r o u n d - r e f l e c t e d  wave comple t e ly  c a n c e l  e a c h  o t h e r  o u t  and 
t h a t  as a r e s u l t ,  t h $  o n l y  s i g n a l  of consequence  a t  t h e  r e c e i v e r  
i s  t h e  s u r f a c e  wave. 

The l u n a r  s u r f a c e  p r o p a g a t i o n  s i t u a t i o n  s u p p o r t s  t h e  
above-mentioned assumpt ion  of a r e f l e c t i o n  c o e f f i c i e n t ,  R ,  
app roach ing  u n i t y .  At maximum r a n g e ,  t h e  g r a z i n g  a n g l e ,  Y ,  w i l l  
be abou t  .3" and .6" f o r  t h e  EVAl - EVA2 and EVAl - LM p a t h s  

r e s p e c t i v e l y .  The co r re spond ing  t h e o r e t i c a l  r e f l e c t i o n  c o e f f i c i -  
e n t ,  R ,  f o r  v e r t i c a l  p o l a r i z a t i o n ,  low d i e l e c t r i c  c o n s t a n t  s o i l ,  
a n d  f r equency  n e a r  300 MHz, i s  a b o u t  .98 and .96 ( R e f .  5 )  

F i g u r e  5 i l l u s t r a t e s  t h e  m u l t i p a t h  geometry .  

I 

* 
I n t e r e s t  here  c e n t e r s  on t h e  maximum r a n g e  r e g i o n s  and. 

t h e  minimum s i g n a l  problem. At c l o s e - i n  r a n g e s  and somewhat 
l a r g e r  g r a z i n g  a n g l e s ,  m u l t i p a t h  e f f e c t s  c o u l d  p o s s i b l y  g i v e  r i s e  
t o  e x c e s s  ( r e c e i v e r  o v e r l o a d i n g )  s i g n a l .  
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Grumman A i r c r a f t  E n g i n e e r i n g  C o r p o r a t i o n ,  (GAEC) 
i n  i n t e r f a c e  c o n t r o l  documents (ICD) c o v e r i n g  t h e  EVA/LM 
communicat ions c i r c u i t  margins ,  r e f e r e n c e s  8 and 9 ,  c a l c u l a t e d  
r e f l e c t i o n  l o s s e s  o f  27 db and 2 1  db r e s p e c t i v e l y  f o r  t h e  0.5 
n a u t i c a l  m i l e  and 1 . 0  n a u t i c a l  m i l e  r a n g e s  o f  t h e  2 l i n k s ,  
c o r r e s p o n d i n g  t o  t h e  r a n g e s  and J, v a l u e s  g i v e n  above.  The 
e x t e n t  t o  which t h e  assumption of comple te  r e f l e c t i o n  i s  
c o n s e r v a t i v e  can be  seen by comparing these  v a l u e s  o f  a t t e n u a t i o n  
w i t h  t h e  a l t e r n a t i v e  l o s s  pa rame te r ,  ground wave a t t e n u a t i o n ,  
which as w i l l  be s e e n  ( S e c t i o n  IV) i s  approx ima te ly  56 db and  
6 1  db r e s p e c t i v e l y .  

It i s  o f  i n t e r e s t  t o  n o t e  t h a t  Vog le r ,  ( 1 9 6 4 ) ,  
R e f e r e n c e  4 ,  chose  not to 3nrliud.e the ef'f'ects CT r c ~ @  t e r r a i r ,  
o r  mult ipa-ch i n  h i s  r a t h e r  d e t a i l e d  study of  l u n a r  s u r f a c e  r a d i o  
comnun ica t ion ,  

A l o s s  of z e r o  (0)  db i s  t h e r e f o r e  a s s i g n e d  t o  t h e  
m u l t i p a t h  f a c t o r .  

H.  Antenna He igh t  Ga in  

A s  t h e  EVCS an tennas ,  o r  LM a n t e n n a ,  becomes e l e v a t e d  
above ground l e v e l ,  an e f f e c t i v e  h e i g h t  g a i n  i s  o b t a i n e d  by  
e a c h  an tenna .  The r e c e i v i n g  a n t e n n a ,  f o r  example,  a t  a n  e l e v a t e d  
he ight  w i l l  i n t e r c e p t  s i g n a l  e n e r g y  a t  a g r e a t e r  f i e l d  i n t e n s i t y  
t h a n  a t  ground l e v e l ;  t h e  i n c r e a s e  i s  a h e i g h t  g a i n .  Because of 
t h e  a p p l i c a b l e  r e c i p r o c i t y ,  t h e  t r a n s m i t t i n g  a n t e n n a  w i l l  e x p e r i -  
e n c e  a s imilar  g a i n  a t  e l e v a t e d  h e i g h t s .  

Zuiave da ta  from t h e  Be1. i  Telephone L a b o r a t o r i e s  r e p o r t  
9 6 6 - 6 ~  (Refe rence  7 )  p e r m i t s  a n  e s t i m a t i o n  o f  t h i s  f a c t o r  at t h e  
f r e q u e n c y  o f  i n t e r e s t  and a t  t h e  assumed a n t e n n a  e l e v a t i o n s .  
E x t r a p o l a t i o n s  of  d a t a  f o r  v e r t i c a l  p o l a r i z a t i o n  and poor  s o i l  
c o n d i t i o n s  y i e l d s  t h e  f o l l o w i n g  approximate  a n t e n n a  h e i g h t  g a i n s  
f o r  e levated a n t e n n a s  (See F i g u r e  6 ) :  

d 

EVCSl - 4 f t .  

EVCS2 - 4 ft. 

LM - 25 f t .  

A more d e t a i l e d  and 

--- 1 0  db 

1 0  db --- 

24 db --- 
I 

e x p l i c i t  method a v a i l a b l e  f o r  
t e r m i n i n g  a n t e n n a  h e i g h t  ga n i s  g i v e n  by X .  A .  Norton (Refer- 

e n c e  6 ) .  
g i v e n  b y  t h e  e x p r e s s i o n :  

I n  N o r t o n ' s  method the h e i g h t  g a i n  o f  e a c h  a n t e n n a  i s  
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where q and b are de te rmined  as a f u n c t i o n  of 
h e i g h t ,  f r equency ,  and  s u r f a c e  mater ia l  d i e l P c t r i c  
c o n s t a n t  and c o u d u c t i v i t y ,  as follows: 

1/2 

X Cos b' 

1 . 8  x u ( e . m . u . )  
f mc x =  

Using Norton ' s  method a n t e n n a  h e i g h t  g a i n s  have  been 
de te rmined  as f o l l o w s :  

EVC S --- 4 ft. --- 1 2  db 

EVCS;, --- 4 ft. --- 1 2  db 

LM --- 2 5  ft. --- 28 db 

During e x p l o r a t i o n  o f  t h e  l u n a r  s u r f a c e ,  t h e  p a t h  
between EVA'S o r  between EVA and LM may t e m p o r a r i l y  i n c l u d e  a 
h i l l  or p r o t u b e r a n c e  of a r b i t r a r y  h e i g h t .  P u b l i s h e d  BTL and 
S t a n d a r d  Handbook da t a  p e r m i t s  t h e  e s t i m a t i o n  of  t h e  shadow l o s s  
c r e a t e d  by  such  o b s t a c l e s  i n  t h e  communication p a t h .  T h i s  loss ' 
( approx ima t ion )  i s  p l o t t e d  i n  F i g u r e  7 as a f u n c t i o n  o f  o b s t a c l e  - 

h e i g h t ,  based  on data i n  r e f e r e n c e  7 .  

The g e n e r a l  l u n a r  e x p l o r a t i o n  a c t i v i t y  i s  e x p e c t e d  to 
be c o n f i n e d  to a r e a s  i n  which v i s u a l  s i g h t  of LM and EVA'S  to 
one a n o t h e r  w i l l  be p r o b a b l e  a t  a l l  t imes.  Under t h e s e  c o n d i t i o n s  
no o b s t a c l e s  ~f s i g n i f i c a n t  h e i g h t  s h o u l d  be assumed.  Accord ing ly  
a l o s s  o f  z e r o  ( 0 )  db i s  a s s i g n e d  to t h i s  f a c t o r .  

111. E l e c t r i c a l  P r o p e r t i e s  o f  t h e  Lunar S u r f a c e  Material  

The d e t e r m i n a t i o n  o f  p a t h  loss i s  dependent  on t h e  u s e  
o f  es t imated v a l u e s  for two k e y  e l e c t r i c a l  c h a r a c t e r i s t i c s  of  t h e  
l u n a r  s u r f a c e ,  namely d i e l e c t r i c  c o n s t a n t  and c o n d u c t i v i t y .  
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In 1960 Senior and Seigal, through the use of radar 
data, estimated the relative dielectric constant and cond ctivity 

mhos/m. (Reference 4 )  Other estimates are now available. 

T. Hagfors (Reference 101, of MIT 'concludes from 
an examination of recent radar data at A = 68 cm, that a 
dielectric constant of 2.6 would be derived for an assumed 
homogeneous surface. This figure is in very close agreement 
with the 2.5 value used in 1968 by Beckman, Reference 8, to 
explain depolarization of electromagnetic waves back scattered 
from the lunar surface. 

of lunap surface material to be E = 1.1 and CT = 3.4 x 10- i 

Ness, et.al., Reference 9, from results of magnetic 
field experiments on lunar Explorer 35 in 1967, concluded that 
the effective electrical conductivity had a maximum value 
of lo--* mho/meter. 

, The two values selected for use in this analysis are 

E = 2 . 6  

c r =  lo--' mho/m = 10 -16  e.m.u. 

For comparison it is of interest to note that the 
1965 NASA Headquarters - Advanced Missions Division values 
for electromagnetic constants o f  lunar material are: 

E = 2 . 7  

a = mho/m 

and that Grumman in their interface control documents of 1966 
used  the values 

E = 2 . 5  

cr = mho/m 

IV. Ground Wave Attenuation 
I 

The method choseii in this study f o r  evaluation of ground 
wave attenuation, At, is s f t e r  Vogler (Reference 4). Vogler's 
analysis NBS nomograph 85, "A Study of Lunar Surface Radio Comm- 
unication", is chosen becaiise it covers the range of surface 
characteristics of interest (dielectric constant and conductivity) 
and because the model inlcudes a sphere of lunar radius 
(Po = 1738 km). 
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Vogler's method d e t e r m i n e s  At as a f u n c t i o n  o f  t h r e e  
p a r a m e t e r s ,  K ,  bo and X f 0 ,  w i t h  homogeneous (non- l aye red )  s c i l ,  
v ' e r t i c a l  p o l a r i z a t i o n  and z e r o  ( 0 )  a n t e n n a  h e i g h t s  assumed a t  
t h e  o u t s e t .  These pa rame te r s  a re  d e f i n e d  as follows: 

where 

1 -1 Er -1 Er-1 
(3- bo = 2 t a n  (c) - t a n  

where 

where 

s =  

? x, = 

ro = 

E =  r 
( 5 =  

do = 

1 . 8  x l o 4  o (mhos/M) 
f mc 

d o  x f mc 

l u n a r  r a d i u s  

s u r f a c e  b i e  l e  c t ri c cons  t a n t  

c o n d u c t i v i t y  

d i s t a n c e  

. Through c a l c u l a t i o n  of  the above parameters and t h e  
a p p l i c a t i o n  o f  da ta  i n  cu rve  form a v a i l a b l e  i n  t h e  nomograph, 
t h e  ground wave a t t e n u a t i o n  f a c t o r  can  be  found d i r e c t l y .  ' ( S e e  
F i g u r e s  8 , 9  and 1 0  reproduced  from Refe rence  4 )  

C a l c u l a t e d  v a l u e s  for a r a n g e  o f  d i e l e c t r i c  c o n s t a n t  
v a l u e s  and d i s t a n c e s  o f  i n t e r e s t  a r e  g i v e n  i n  T a b l e  I .  
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V. T o t a l  P a t h  Loss  

The t o t a l  p a t h  l o s s  f o r  t h e  EVAl - EVA2 and EVAl - LM l i n k s  

i s  found by combining t h e  losses  and g a i n s  a s s o c i a t e d  w i t h  
t h e  a p p l i c a b l e  l i n k  f a c t o r s .  

The t a b u l a t i o n  of  p a t h  loss f o r  t h e  r e q u i r e d  ope ra -  
t i o n a l  r a n g e s  o f  t h e  two l i n k s  i s  g i v e n  i n  T a b l e  11. A s  s e e n  
t h e  v a l u e s  c i t e d  i n  t h e  MSC s p e c i f i c a t i o n  to RCA, i . e .  p a t h  l o s s e s  
of 128  db and 119  db ,  r e s p e c t i v e l y  for t h e  EVA, - EVA, ant! EVA, - 
LM links, 2 r e  S u p p G r t a b l e .  & L I 

For convenience ,  a plot of  t o t a l  p a t h  l o s c  v s  d i s t a n c e  
i s  g i v e n  f o r  t h e  F*VA2 I i v k  i n  v i y 1 - e  11. ! s  seer?, t h e  z e r o  ( 0 )  
margin  p o i n t  i s  r e a c h e d  a t  a d i s t a n c e  of 1.1 n .  miles  (2 .0  K m ) .  

2034-IIR-ew 

A t  t a c hme n t  s 
T a b l e s  1&2 
F i g u r e s  1-11 



~~ ~~~ 

I Y 

B E L L C O M M ,  INC. 

REFERENCES 

1. 

2. 

3 .  

4 .  

5 .  

6 .  

7 .  

8. 

9.  

10. 

11. 

12. 

Apol lo  Communications Review by MSC a t  NASA H e a d q u a r t e r s ,  
September  25 ,  1967 - For Apol lo  Program D i r e c t o r  

R e p o r t  of  P r e l i m i n a r y  Design Review ' -  J a n u a r y  9-10, 1968 ,  
E x t r a v e h i c u l a r  Communication System, RCA SDDR-SY-1, 
J a n u a r y  2 2 ,  1968 

E x h i b i t  A "System S p e c i f i c a t i o n  for t h e  E x t r a v e h i c u l a r  
C~mmunica t icn  S y s t e m  \ ~ , V b a /  , September  3 0 ,  iy67 - MSC - 
IESD 

/ T ? T r n n  \ I! 

"A S tudy  o f  Lunar  S u r f a c e  Radio Communication", L .  E .  V o g l e r ,  
1964 

Ultra High Frequency P ropaga t ion  - Reed and R u s s e l l  - Boston 
Tech .  P u b l i s h e r s  I n c . ,  1964 

"The C a l c u l a t i o n  o f  Ground-Wave F i e l d  I n t e n s i t y  o v e r  a 
F i n i t e l y  Conduct ing S p h e r i c a l  E a r t h "  - K .  A .  Norton, 1 9 4 1 ,  
P r o c .  I R E  2 9 ,  #I12 

NDRC Div. 15 ,  P ropaga t ion  Curves ,  I s s u e  3 Repor t  966-6C, 
October  1 9 4 4 ,  ETL U .  S, Department o f  Commerce No. PB-14326 

"LEM/EVA and EVA/LEM VHF/AM Communications C i r c u i t  Margin I 

I C D "  - G A E C  I n t e r f a c e  Con t ro l  Document (ICD) LIS 380-15008, . I  
J a n u a r y  31,  1 9 6 6  - I  

I "Review o f  Radar Obse rva t ions  o f  t h e  Moon", Chap te r  1 2  by 
T .  Hagfors  i n  The Nature  of The Lunar  S u r f a c e  - P r o c e e d i n g s  
o f  1 9 6 5  IAU-NASA Synposium J . H . U .  P r e s s  , I 

' I  " D e p o l a r i z a t i o n  of  EM Waves B a c k s c a t t e r e d  From The Lunar 
S u r f a c e "  - P .  Beckmann - J .  O f  G .  R .  V o l .  7 3 ,  No. 2 ,  J a n u a r y  
15 ,  1968 ' 
" E a r l y  R e s u l t s  From The Magnetic F i e l d  Exper iments  on Lunar  
E x p l o r e r  35" - N .  F. Ness e t . a l . ,  J .  o f  G .  R . ,  V o l .  7 2 ,  No. 2 3 ,  
December 1, 1 9 6 7  



I 8 

TABLE I 

GROUND WAVE ATTENUATION 

Vertical Polarization 
Zero An enna Heights 
(J = lo-' Mhos/M 
f = 300 MHz 

1.2 1.4 2.0 2.6 3.0 DISTANCE E = 1.1 

8 1  81 81 81 
10 km 75 79 

5 65 68 71 71 71 71 

62 62 62 62 

56 56 56 56 

53 50 50 50 

44 44 44 44 

2 57 60 

1 50 55 

- 5  44 47 
.25 38 42 

15 34 38 40 40 40 40 



TABULATION OF PATH LOSS VALUES 

A .  - 

B. 

C. 

D.  

E. 

F. 

G .  

H. 

I. 

J. 

EVA-EVA 
.5  N.Mile 

Antenna Gain Gt 0 db 

Antenna Gain Gr 

Antenna Ground Proximity Loss 

Polarization Loss 

Free Space Loss 

Ground Wave Attenuation ( E  = 2.6) 

Plasma Loss 

Multipath Loss 

Antenna Height Gain (hl + h 2 )  

Obstacle Loss 

n v 

0 

- 1 . 8  

-81.5 

- 56 

0 

0 

t 24 db 

c! 

-115 3 TOTAL PATH LOSS 

EVCS Spec. Values -128 

EVA-LM 
1.0 N.Mile 

0 db 

0 

0 

- 1 . 8  

-87 .5  
- 6 2  

0 

0 

4- 40 db 

c\ 

-111.3 

-119 

(f = 300 MHz) 
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FIGURE I - EVCS D U A L  MODE O P E R A T I O N S  
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F I G U R E  6 ANTENNA H E I G H T  G A I N  C O R R E C T I O N  F A C T O R  
(From r e f .  7 )  
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